The topic of wetting continues to garner much interest for reasons that include the fact that reliable strategies now exist to fabricate patterned surfaces possessing wetting properties, tailored through surface chemistry and, or, topography, at the nano-scale.
Moreover the use of atomic force microscopy (AFM), and other techniques, capable of imaging the structure of liquids at the nano-scale makes it possible to carefully examine the role of short-range and long-range intermolecular forces on the structure and dynamics of liquids on surfaces. [1] [2] [3] [4] [5] [6] [7] The dimensions of droplets on a surface may be readily controlled, experimentally, by inducing thin films, possessing specific thicknesses to dewet. The free energy per unit area of a film of nanoscale thickness, h, is determined by a combination of short-and long-range intermolecular forces, embodied in an effective interface potential, φ(h), defined as the excess free energy per unit area of a film of thickness h. [4] : . When the curvature, Π(h)=dφ(h)/dh, of the interface potential is negative the film is unstable and breaks up via a ''spontaneous'' spinodal mechanism, otherwise it could be stable or metastable, wherein the destabilization occurs via a nucleation and growth process.
Intermolecular forces are generally known to be responsible for the dewetting of thin polystyrene (PS) films from oxidized silicon substrates (SiO x ), resulting in the formation of droplets, characterized by macroscopic contact angles; these droplets are surrounded by a dense collection of considerably smaller droplets of nano-scale dimensions ("nano-droplets") [8] [9] [10] . The nano-droplets are believed to be remnants of a very thin wetting layer, whose formation, and thickness, is implied by the shape (a minimum) in the interface potential. While the driving force for their formation is suggested to be entropic in origin, it remains an open question. Further insight into fundamental issues regarding the role of entropy on the wetting of macromolecules may be gained by considering branched molecules.
Theory and simulations reveal that star-shaped molecules are known to suffer a much smaller entropic loss when adsorbed onto substrates [11] [12] [13] and they possess lower surface energy, than their linear analogs of the same degree of polymerization, N. [14, 15] We show that star-shaped polymers possess considerably lower contact angles and line tensions than their linear analogs. Unlike linear chains, star-shaped polymers of sufficiently high functionality, f, exhibit evidence of structuring at a substrate, stable (or metastable) wetting layer formation, due evidently to entropic effects. . The kink in the plot at a temperature T=103˚C is evidence of a glass transition temperature, T g , which is 25 degrees higher than the bulk T g . It is consistent with prior measurements of the thickness dependence of T g of thin films of this polymer, in a larger thickness range [18] . The important point is that the film is strongly adsorbed to the substrate.
The contact angle, θ, of the macroscopic droplets at the final stage of dewetting may be determined using the relation , where H is the height and R D the radius of the droplet. [19] . θ is shown to decrease with increasing R D for all systems, FIG. [16] .
We now discuss the surface tension of star-shaped polymers and compare it to the linear chain system. Lattice theory predicts that the surface tension of a star-shaped polymer maybe reasonably represented by [15] , where M n is the average number molecular weight, γ(∞) is the surface tension at the infinite M n , ρ is the bulk density, R is the universal gas constant (8. . Our data indicate that the layer in contact with the substrate formed due to the adsorption of the arms driven from the fact that star polymers can gain adsorption energy while, owing to their architecture, the entropic penalty upon adsorption is expected to be low. However, this particular 8-arm system appears to gain free energy by forming a second layer on the adsorbed, wetting, layer.
It is clear from the foregoing that the macroscopic contact angle of star-shaped macromolecules may be nearly an order of magnitude smaller than their linear analogs.
Additionally, the line tension of star-shaped polymers may be as much as two orders of magnitude smaller. The precursor layer surrounding the droplets exists only in the case of low molecular linear weight linear chains for entropic reasons; it is a remnant of the adsorbed layer that broke-up into nano-droplets. On the other hand, the analogous adsorbed layer for star-shaped molecule of sufficiently large number of arms (f=8), is stable, even after many days of annealing at elevated temperatures. The differences between the wetting behavior of the thin linear PS and the thin 8 arm star-shaped polymer films are schematically depicted in FIG. 1d . These results are consistent with the notion that star-shaped polymers exhibit significant interfacial activity; [13] they suffer a significantly lower entropic penalty than their linear analogs of the same N upon adsorption at an interface [11] ; the number of segments of a star-shaped molecule in contact with an interface is large compared to linear chains of the same N [12] . Moreover, the frustrated segmental packing in the bulk is responsible for the decrease in the cohesive energy density of star-shaped molecules, leads to lower surface tensions than their linear chain counterparts of the same N [14, 15] . on SiO x at room temperature. Figures FIG. 1 
